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1. TITLE OF THE INVENTION 



Chip-on-Chip Semiconductor Device 



2 . WHAT IS CLAIMED 



1. A chip-on-chip semiconductor device, in which an 
all-in-one device containing two different stacked chips 
(chip-on-chip) that require independent wafer processes 
during fabrication of semiconductor elements, is mounted, 
fixed, and sealed on a support, being characterized by 
that said all-in-one device is packaged in such a way that 
a chip containing a semiconductor element that requires 

different wafer processes to those for an E^prom element 

is bonded to another chip containing an E^prom element, 
with the latter chip fitted face-down using electrode 
projections on each chip. 

2. A chip-on-chip semiconductor device, as described 
in claim 1, being characterized by that a chip-on-chip 
type all-in-one device is fixed by potting in polyimide 
synthetic resin liquid. 



3. DETAILED DESCRIPTION OF THE INVENTION 

[Scope of Utilization in Industry] 

This invention relates to a technology for improving 
all-in-one devices, which incorporate all functions on a 
single wafer and require independent wafer processes for 
the different functions, resulting in an increased number 
of processes, higher cost, and more frequent occurrence of 
defects. In particular, this invention relates to the 
technology for achieving an all-in-one function module 
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containing an E 2 PROM element and a different type of 
element without incurring the above problems. 

[Prior Art] 



In the conventional packaging system for multi-chip 
modules, the on-substrate method is usually used, in which 
multiple chips are mounted on a single substrate. However, 
this method increases the package size and the parasitic 
capacitance due to printed circuit lines and bonding, thus 
reducing speed. 

To solve these problems, an all-in-one device, which 
incorporates all the functions on a single wafer, has been 
proposed. 

The all-in-one device is described in patent no. S.62- 
136865, for example. 

[Problems to be Solved by the Invention] 

However, the above all-in-one device incorporating all 
the functions on a single wafer requires different wafer 
processes; for example, several processes are necessary 
for both ion implantation and diffusion. In particular, 
the mask process may require more masks. This results in 
an increased number of processes, higher cost, larger chip 
size, and more frequent occurrence of defects, thus 
inevitably deteriorating yield. Particularly, when 
fabricating all-in-one devices such as standard cells and 
single-chip microcomputers that contain electrically 
erasable programmable read-only memory (E^PROM) elements 
and different types of elements such as random access 
memory (RAM) , many additional processes are required such 
as a process of separating the well concentration as a 
high breakdown voltage process, a process of forming MNOS 
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and FLOTOX structures, and a process of creating the Zener 
diodes. This is because the E 2 PROM, i.e., the memory 
element, requires high voltage for writing data. 
Therefore, although the device area necessary for a single 
E 2 PROM element is only 1/4 to 1/10 of the entire wafer, 
separate mask processes are necessary for the E 2 PROM, and 
a total of five to ten additional mask processes are 
necessary for the all-in-one device. This may result in a 
significant number of defects during fabrication. 

This invention is developed as a solution to the above 
problems, specifically, the objective of this invention is 
to provide effective technology for achieving all-in-one 
device free without the disadvantages of conventional 
technology such as increased number of processes, higher 
cost, larger chip size, and deteriorated yield, which are 
likely to be caused particularly when semiconductor 

elements such as an E 2 PROM element and a different type of 
element are- contained on a single wafer. 

The objectives and novel features of this invention 
will be clarified by the following specification 
description together with accompanying drawings. 

[Means for Solving the Problem] 

A typical example of the invention disclosed in this 
application is briefly summarized in the following. 

In this invention, when fabricating an all-in-one 
device, which incorporates all functions on a single wafer, 
using all-in-one processes, one of the chips is used as a 
base chip - and the other chip is mounted and bonded to the 
base chip (chip-on-chip bonding) , with the latter chip 
fitted face-down using the bump electrodes formed on each 
chip. Specifically, the base chip is a non-E 2 PROM element 
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and the other chip is an E 2 PROM element, which would 
require independent wafer processes if fabricated on a 
single wafer. 

The above all-in-one device obtained using the chip- 
on-chip bonding method is mounted and fixed on a support 
by potting in polyimide synthetic resin liquid, and then 
the device is sealed with plastic, for example. 

[Operation] 

The above configuration, where the chip containing the 
E 2 PROM element is mounted on the base chip, allows a 
conforming chip to be selected independently for each chip, 
and requires no modification of masks for a single wafer, 
thus decreasing the number of defects and improving yield. 
Such chip-on-chip configuration simplifies processing 
compared to the case when the all-in-one device is 
fabricated using different wafer processes, and can thus 
reduce chip size. Furthermore, since chips are bonded via 
bumps in contrast to the conventional on- substrate method, 
long inter-chip wirings are not necessary, thus reducing 
wiring capacitance and resistance. 

[Embodiment] 

This invention is described below based on an 
embodiment shown in accompanying drawings . 

As shown in figure 1, bumps 2 are provided on the 
periphery of the surface of base chip 1. 

Similarly, bumps 4 are provided on the periphery of 
the surface of chip 3 containing the E 2 PROM element. 
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As indicated by the arrow in figure 1, chip 3 
containing the E^PROM element is turned upside-down and 
bonded to the surface of base chip 1 . 

Figure 2 shows a typical cross section of the main 
section of chip 3 containing the E^PROM element. 

In figure 2, component 5 is a device area, component 6 
is an insulation film, component 7 is electrode wiring, 
component 8 is a passivation film, component 9 is a Cr 
layer, component 10 is a Cu layer, and component 11 is an 
Au layer. On the surface of the Au layer, bumps 4 of Au 
or solder, for example, are provided as projections. 

Base chip 1 in figure 1 is configured similarly. 

Base chip 1 is a monocrystalline silicon substrate, 
for example, in which a large number of circuit elements 
are formed using the common technology for a particular 
circuit function. For example, MOS transistors are formed 
as circuit elements and provide the logic circuit function 
and the memory circuit function. 

Base chip 1 is a single-chip microcomputer, for 
example, which incorporates functions such as the central 
processing unit (CPU) , memories (RAM and ROM) , and 
input /output circuits (I/O ports) . 

Similarly, chip 3 containing the E 2 PROM element, which 
is mounted on the other chip, is a monocrystalline silicon 
substrate, for example, in which a large number of circuit 
elements are formed using the common technology to be 
provided with a particular circuit function. For example, 
MOS transistors are formed as circuit elements and achieve 

the memory circuit function (E^pROM) . 
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Figure 5 is a system block diagram of this invention. 

Base chip 1 (single-chip microcomputer) is shown as 
incorporating CPU 12, RAM 13, ROM 14, I/O port 15, and 
timer 16. 



Chip 3 containing the E 2 PROM element is mounted and 
connected using bumps 2 and 4. Such chip-on-chip bonding 
forms the all-in-one device. 

Figure 3 shows a cross section of the main section for 
illustrating an embodiment of this invention. Chip 3 is 
bonded to base chip 1 using melted bumps 2 and 4 formed on 
the chips, and is then mounted on support 17; and chips 1 
and 3 are fixed by potting in polyimide synthetic resin 
liquid fixing material 18, for example. 

Figure 4 shows a general view of the semiconductor 
device using this invention, where the device is partially 
cut away. 

Support 17 is a lead frame, for example, on the tab of 
which the all-in-one device obtained by chip-on-chip 
bonding is mounted. Wire-bonding pads (not shown) around 
base chip 1 and the inner leads of lead frame 17 are . 
bonded using Au bonding wires 18, for example, and resin- 
sealed area 19 is formed by transfer molding, for example. 
In the processes including the above major processes, 
chip-on-chip semiconductor device 2 0 shown in figure 4 is 
obtained. 

With this invention, an all-in-one device is easily 

obtained because chip 3 containing an E 2 PROM element is 
bonded to base chip 1 (single-chip microcomputer) using 
melted bumps 2 and 4 formed on chips 1 and 3. By contrast, 
achieving all the functions on a single wafer without 
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using such a chip-on-chip packaging method results in 
increased number of processes, higher cost, larger chip 
size, and more frequent occurrence of defects. This 
invention effectively eliminates all these problems. 

In addition, wiring capacitance and resistance can 
also be reduced. 

This invention was described above in detail based on 
an embodiment. However, this invention is not restricted 
to this embodiment; various modifications are possible 
without deviating from the essential points of the 
invention. 

In the above descriptions, this invention is applied 
to the resin-sealed semiconductor device as a 
representative application field. However, this invention 
is not restricted to this application; it also applies to 
hermatically sealed semiconductor devices. 

[Advantages of the Invention] 

Typical advantages obtained from the invention 
disclosed in this application are briefly described in the 
following . 

This invention allows easy fabrication of all-in-one 
devices, simplifies processing, reduces cost, improves 
yield, reduces wiring capacitance, and miniaturizes chip 
area . 




- 8 - 




4. BRIEF DESCRIPTION OF THE DRAWINGS 

Figure 1 is a perspective view of an embodiment using 
this invention. 

Figure 2 is a cross-sectional view of the main section 
of an embodiment using this invention. 

Figure 3 is a cross-sectional view of the main section 
of an embodiment using this invention. 

Figure 4 is a perspective view of an embodiment using 
this invention, where the embodiment is partially cut away. 

Figure 5 is a system block diagram of an embodiment 
using this invention. 

1: base chip 

2: bump (electrode projections) 

3: chip containing an E^prom element 
4 : bump 

5 : device area 

6: insulation film 

7 : electrode wiring 

8: passivation film 

9 : Cr layer 

10: Cu layer 

11: Au layer 

12 : CPU 

13 : RAM 

14 : ROM 

15 : I/O port 

16 : timer 

17 : lead frame 

18: bonding wire 

19: resin-sealed area 
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20: semiconductor device 
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Figure 5 
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